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Abstract. Smarandache extended the concept of falsifiability to include hypotheses that involve multiple values. Smarandache's 
extension of classical logic introduces Partial Falsifiability within multi-valued logic, which allows for the inclusion of partial 
truth values, uncertainties, and false values, unlike traditional falsifiability which only classifies hypotheses as completely true 
or false. Using this approach this study investigates specifically the concept of interdisciplinarity in the field of integral general 
medicine, with a specific emphasis on the integration of nursing procedures. The method employs sentiment analysis of scientific 
questions using the Consensus tool and plithogenic statistics to assess complex hypotheses. The findings indicate that the com- 
bination of nursing procedures and interprofessional approaches greatly improves teamwork, communication, and clinical com- 
petence. The results suggest a high probability of truth (0.67), some indeterminacy (0.33), and a low probability of falsity (0.17). 
Future research will focus on utilizing alternative sentiment analysis tools and incorporating the concept of fallibility into hy- 
potheses using Smarandache's multivalued logic in different contexts. 


Keywords: interdisciplinarity, general integral medicine, nursing procedures falsifiability of a hypothesis, multi-valued logics, 
plithogenic statistics 


1 Introduction 


The assessment of sentiment in scientific literature has received considerable attention in recent years, pri- 
marily because of the increasing accessibility of scientific publications. Sentiment analysis in this context specif- 
ically aims to interpret the emotions and attitudes of the authors as conveyed through the citations/themes found 
in scholarly databases [1]. 


In a recent publication, Smarandache [2] expanded the notion of falsifiability to encompass hypotheses that in- 
volve multiple values in logic. In classical logic, falsifiability traditionally deals with hypotheses that can be de- 
finitively classified as either completely true or completely false. Florentin's extension incorporates the concept 
of Partial Falsifiability into the realm of multi-valued logic, allowing hypotheses to possess partial truth values, 
uncertainties, and false values [3]. In the context of neutrosophic logic, a hypothesis NLH(T, I, F) is considered 
falsifiable if certain conditions exist that allow the hypothesis to be negated, resulting in aNLH(F,1-—I,T), 
where t, i, and f are degrees of truth, indeterminacy, and falsity, respectively, and they all fall within the range of 
[0,1]. In the probabilistic interpretation, a neutrosophic probabilistic hypothesis [4], NPH(T, 1, T) is defined with 
t, 1, and f values ranging from 0 to 1, representing the probability, indeterminacy, and falsity, respectively. This 
approach offers a more comprehensive and intricate assessment of the falsifiability and probability of hypotheses 
in intricate scientific like medical education and social science contexts. 
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The Consensus Meter [5] is a novel tool in Consensus AI that functions as a gauge to quantify agreement and 
disagreement among a group of papers(Figure 1). The system functions by posing straightforward binary inquir 
ies, enabling a swift evaluation of the degree of agreement or disagreement among participants. The responses are 
categorized as "Yes," "No," or "Possibly," which offers a distinct perspective on the group's position regarding a 
particular subject [6]. The Consensus Meter is a tool that utilizes neutrosophic logic/probability to assess the fal- 
sifiability and probability of a hypothesis. It offers a nuanced evaluation of the hypothesis's validity in various 
conditions. 


Does mindfulness practice reduce stress levels? x Q 
@ Synthesize Copilot Q > Filter @ Share Vv 

Summary == Consensus Meter =: = 

10 papers analyzed 19 papers analyzed . 

These studies suggest mindfulness practice, including v Yes - 749 a 

MBSR and other methods, generally reduces stress 

; A = = 21% 
levels and improves well-being. Fossiity- == 
X No-5 t 


Figure 1: Consensus Meter Interface for Assessing the Impact of Mindfulness on Stress Reduction 


A scientific question as "Does X result in Y?", explores the cause-and-effect connection between two variables. 
This question type seeks to ascertain whether alterations in variable X have a direct impact on variable Y. An 
illustration of this is the inquiry, "Does smoking induce lung cancer?", which investigates the correlation between 
smoking and the development of lung cancer. These inquiries are pivotal for establishing causal relationships [7]. 
Plithogenic probability, as defined in [8], assigns multiple probabilities to each event E in a probability space U, 
in contrast to classical probability, imprecise probability, and neutrosophic probability, which assign only one 
probability. The plithogenic probability distribution function, P(x), for a random variable x, is defined by multiple 
plithogenic probability distribution sub-functions. Each sub-function quantifies the probability (relative to a spe- 
cific attribute value) of the occurrence of the value x. The probabilities of occurrence can be represented using 
classical, imprecise, or neutrosophic probabilities, depending on the level of chance involved. This approach ena- 
bles the separation of the probabilities of occurrence for each question that constitutes the hypothesis being ana- 
lyzed. 

The incorporation of nursing procedures and interprofessional approaches into medical education significantly 
improves teamwork, communication, clinical proficiency, and patient care outcomes [9]. These educational meth- 
odologies not only enhance the professional competencies of students but also foster a more cooperative and pa- 
tient-centered healthcare milieu [10]. However, effectively executing these strategies requires overcoming practi- 
cal obstacles and ensuring their continuous integration into educational curricula [11]. One of the difficulties in 
implementing this approach is the need to coordinate curricula across various professional programs and ensure 
their long-term integration into existing educational frameworks [12]. This paper studies this approach to medical 
education using Smarandache's partial falsifiability hypothesis theory, sentiment analysis with the Consensus tool, 
and plithogenic statistics, extending the research tool based on set theory [13]. 


2 Prelininaries 
2.1 Plithogenic Probability 


Neutrosophic (or Indeterminate) Data is characterized by its inherent vagueness, lack of clarity, incomplete- 

ness, partial unknowns, and conflicting information [14, 15]. The data can be classified as either quantitative (met- 
rical), qualitative (categorical), or a combination of both. Plithogenic Variate Data[16] describes the connections 
or correlations between Neutrosophic variables. A Neutrosophic Variable [17, 18], which can be a function or 
operator, deals with neutrosophic data in either its arguments, its values, or both. Complex problems often require 
multiple measurements and observations due to their multidimensional nature like measures needed on scientific 
inquiries. Neutrosophic variables can exhibit dependence, independence, partial dependence, partial independence, 
or partial indeterminacy como in science [19]. 
A Plithogenic Set [20, 21] is a non-empty set P whose elements within the domain of discourse U (P © U) are 
characterized by one or more attributes A,, Az,-::,A,,, where m is at least 1. where each attribute can have a set 
of possible values within the spectrum S of values (states), such that S can be a finite, infinite, discrete, continuous, 
open, or closed set. 
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Each element x € P is characterized by all the possible values of the attributes that are inside the set V = 
{v1,V2,°**,Vp }. The value of an attribute has a degree of appurtenance d(x, v) of an element x in the set P, based 
on a specific criterion. The degree of appurtenance can be either fuzzy, intuitionistic fuzzy, or neutrosophic, among 
others [22]. 

That means, 

vx € P,d:P XV > P ([0,1] ) (1) 

Where d(x, v) & [0,1]” and ([0, 1]? ) is the power set of [0,1]”.z = 1 (the fuzzy degree of appurtenance), 
zZ = 2 (the intuitionistic fuzzy degree of appurtenance), or z = 3 (the neutrosophic degree of appurtenance). 
Plithogenic Probability [23], derived from Plithogenic Variate Analysis, represents a multi-dimensional probabil- 
ity ("plitho" meaning "many" and synonymous with "multi"). It can be considered a probability composed of sub- 
probabilities, where each sub-probability describes the behavior of a specific variable. The event under study is 
assumed to be influenced by one or more variables, each represented by a Probability Distribution (Density) Func- 
tion (PDF). 

Consider an event E in a given probability space, whether classical or neutrosophic, determined by n = 2 varia- 
bles. v,,V2,-.,V,, denoted as E(v1,V2,...,V,). The multi-variate probability of event E occurring denoted as 
MVP(E), relies on multiple probabilities. Specifically, it depends on the probability of event E occurring with 
respect to each variable: P1(E(v,)) for ,variable v,, P2(E(v,)) for variable v,, and so forth. Therefore, 
MVP(E(v,, 02, .., Vn) is represented as (P1(E(o,)),P2(€@,)), .., Pn(E(v,,)) ). The variables v,, 12, .., Up, 
and the probabilities P,, Pz, ...,P,, may be classical or have some degree of indeterminacy [24]. 

To transition from Plithogenic Neutrosophic Probability (PNP) to Univariate Neutrosophic Probability UNP, we 
employ the conjunction operator [25]: 

UNP(y, V2,--+) Vn) = Vy Nin Vn (2) 


A In this context, it is a neutrosophic conjunction (t-norm). If we take A, as the plithogenic conjunction be- 
tween probabilities of the PNP type, where (Ty, I4, Fy) Ap (Tp, Ip, Fp) = (Ta A Tp, 14 V Ig, Fa V Fp), Such that A is 
the t-norm minimum of fuzzy logic and V the t-conorm maximum[26, 27]. 


2 Material and Methods 


Figure 2 contains a diagram of the steps to follow in this method based on ."Partial Falsifiability of Fuzzy 
and Fuzzy-Extension Hypotheses" as proposed by Smarandache [2]. The research process entails a sequence of 
systematic processes aimed at examining a hypothesis, assessing its soundness, and drawing conclusions based 
on detailed data analysis. Below is a detailed description of each phase of the procedure 


Formulate the Hypothesis | 


| Identify Key Variables | 


! 


| Formulate Specific Research Questions 


Perform Sentiment Analysis on Scientific Literature 


|! 


Formulate Neutrosophic Probabilistic Hypothesis | 


Calculate the Plithogenic Neutrosophic Probability (PNP) | 


! 


Analyze the Validity of the General Hypothesis | 


Figure 2: Scheme of the proposed method 


a. Formulate the Hypothesis 
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Begin by explicitly stating the hypothesis that you intend to examine. Make sure that indicates a cause-and- 
effect relationship between the variables. For example, "Increased study time leads to higher exam scores." 
b. Identify Key Variables 


Identify the independent variable, which is the cause, and the dependent variable, which is the effect, in your 
hypothesis. This aids in directing your research inquiries towards the exact relationship to investigate. 


c. Formulate Specific Research Questions 


Split the hypothesis into precise research questions formulated as "Does X cause Y?" This enables a comprehen- 
sive and focused examination of the postulated correlation. 
d. Perform sentiment analysis on scientific literature. 


To conduct sentiment analysis on a research paper and quantify the occurrences of "Yes," "Possibility/Indetermi- 
nacy," and "No," a sentiment analysis tool for scientific statements is needed . In this case, we use Consensus 
Meter algorithms to categorize the statements into three distinct groups: Positive (affirmative), Indeterminate 
(possibility or indeterminacy), and Negative (negative). 

e. Formulate Neutrosophic Probabilistic Hypothesis 


Determine the ratios of each category to construct the neutrosophic probability hypothesis (T, I, F), where T de- 
notes the truth value, I represents the indeterminacy, and F indicates the falsity. 
f. Calculate the Plithogenic Neutrosophic Probability (PNP) 


By utilizing the neutrosophic probabilities assigned to each question the Univariate Neutrosophic Probability 
(UNP) is calculated to assess the soundness of the overall hypothesis. This process entails combining the separate 
probabilities to offer a thorough assessment of the overall hypothesis. 
UNP(4, Vo,--+5 Vn) = (Min(ty, ty, ty), Max(iy, in, sin), Max(f,, fro fr)) ©) 
Where: 
T,, Tz, ...,T,: are the truth probabilities values of each question. 


I,, Iy,...,1,: are the indeterminacy probabilities values of each question. 
F,, F2,...,F,: are the falsity probabilities values of each question 
g. Analyze the validity of the general hypothesis 


In this case, the negation of NPH is represented as [28]: 

(7,1,F) = (F,LT) (4) 

This step entails analyzing the negated neutrosophic probabilities to evaluate the overall soundness and dependa- 
bility of the general hypothesis. By evaluating the levels of falsehood, uncertainty, and truthfulness, one can as- 
certain the degree to which the hypothesis is valid, ambiguous, or incorrect depending on the scientific literature. 


3 Case Study 


Incorporating nursing procedures and interprofessional approaches into medical education greatly improves col- 
laboration, communication, clinical proficiency, and patient outcomes in actual clinical environments. Incorporat- 
ing these components into medical curricula fosters a cooperative atmosphere in which healthcare practitioners 
acquire the skills to collaborate efficiently, thereby enhancing the quality of patient care. Through prioritizing 
interprofessional education, medical students acquire a more profound comprehension of the responsibilities and 
contributions of diverse healthcare providers, resulting in enhanced coordination and increased efficiency in 
healthcare delivery. 

Furthermore, incorporating nursing procedures into medical education aids in refining the clinical aptitude of stu- 
dents. This approach guarantees that upcoming healthcare professionals possess practical knowledge and essential 
competencies necessary for patient care. Additionally, it promotes a setting that values ongoing education and 
adjustment, which is crucial in the constantly changing healthcare industry. The outcome is an enhanced and self- 
assured healthcare workforce capable of providing exceptional care and adjusting to the ever-changing demands 
of patients. 

Although there are potential advantages, there are also various constraints and difficulties that could lead to un- 
certainty and potentially undermine the hypothesis. Differences in the way educational institutions implement 
programs, including variations in resources, expertise, and commitment, can result in inconsistent outcomes and 
substantial disparities in program effectiveness. Variations in educational environments, encompassing cultural, 
social, and organizational elements, can impact the assimilation and achievement of nursing protocols and inter- 
professional methodologies, leading to diverse levels of effectiveness in different settings. Practical barriers, such 
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as the coordination of curricula across multiple professional programs, conflicts in scheduling, and divergent aca- 
demic priorities, can hinder the smooth integration. Ensuring sustainability and long-term integration necessitates 
ongoing backing, resources, and dedication from stakeholders. Without sustained endeavor, the initial advantages 
may dwindle. Another challenge arises from the resistance to change exhibited by faculty, students, and institutions, 
which can be attributed to deeply ingrained practices, limited awareness, or perceived risks to professional auton- 
omy. Furthermore, the process of determining and analyzing the effects of interprofessional education on clinical 
outcomes is intricate and necessitates reliable tools and methodologies. Insufficient evaluation mechanisms can 
result in inconclusive or deceptive findings, thereby exacerbating the uncertainty surrounding the matter. 

In this case study the hypothesis is stated as follows. 

The inclusion of nursing procedures and interprofessional approaches in medical education improves teamwork, 
communication, clinical competence, and patient care outcomes in real clinical settings. 

To investigate this hypothesis, we followed a systematic research process based on the notion of "Partial Falsability 
of Fuzzy and Fuzzy-Extension Hypotheses" proposed by Smarandache [2]. 


Below is a description of each question along with the variable intended to be measured: 
Teamwork and Communication 


Q1: Does the inclusion of nursing procedures in medical education lead to better teamwork and communication in 
clinical settings? 


Variable: Quality of teamwork and communication in clinical settings. 

Patient Care Outcomes 

Q2: Does integrating nursing education into medical training improve patient care outcomes? 
Variable: Patient care outcomes (e.g., recovery rates, patient satisfaction). 

Practical Challenges in Clinical Settings 


Q3: Can the interdisciplinary approach in medical education realistically address the challenges faced in practical, 
real-world medical settings? 


Variable: Ability to address practical challenges in clinical settings through an interdisciplinary approach. 
Clinical Competence 


Q4: Does integrating interdisciplinary procedures into medical education improve clinical competence in gradu- 
ates? 


Variable: Level of clinical competence of graduates. 


These questions allow for the measurement of different aspects and outcomes of the interdisciplinary approach in 
medical education and how it affects the training and performance of healthcare professionals. 


Sentiment about each question is investigated using the Consensus Tool (Table 1) that classifies paper with 
Positive, Indeterminate, and Negative stances about a specific question 


Questions\Example | Positive Indeterminacy Negative Neutrosophic Probabil- 
of Stances in Papers ity 

Ql [29-34] [35] (0.86, 0.14, 0) 

Q2 [36-39] [40] [41] (0.67, 0.17, 0.17) 

Q3 [41-44] [45] (0.67, 0.33, 0) 

Q4 [46-51] [52, 53] (0.75, 0.25, 0) 


Table 1: Sentiment Evaluation on Research Questions in Interdisciplinary Medical Education using the Consensus Tool 


Figure 3 shows the probabilities of positive, indeterminate, and negative sentiments for questions Q1, Q2, Q3, and 
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Q4. 
Neutrosophic Probabilities by Question 
@™ Positive 
@@™ Indeterminate 
0.8 ™@mm Negative 
0.6 
2 
5 
o 
re) 
£ 0.4} 
0.2} 
0.0 Ql Q2 Q3 Q4 


Figure 2: Neutrosophic Probabilities for Sentiment Analysis of Research Questions 


Then, the univariate neutrosophic probability is calculated as follows: 
UNP(H) =Ay_ PNP(Q,) (5) 


UNP (0.86, 0.14, 0), (0.67, 0.17, 0.17), (0.67, 0.33, 0) (0.75, 0.25, 0) 
= (min(0.86, 0.67, 0.67, 0.65), max (0.14, 0.17, 0.33, 0.25), max(0, 0.17, 0, 0)) 


= (0.67, 0.33, 0.17) 
The value (0.67, 0.33, 0.17) for a neutrosophic probabilistic hypothesis indicates the following: 


e 0.67: There is a 67% probability that the hypothesis is true. This means there is a high likelihood that 
the inclusion of nursing procedures and interprofessional approaches in medical education improves 
teamwork, communication, clinical competence, and patient care outcomes in real clinical settings. 

e 0.33: There is a 33% indeterminacy, meaning there is some uncertainty about the validity of the hypoth- 
esis. 

e 0.17: There is a 17% probability that the hypothesis is false. 


Negation of the Hypothesis 
The negation of the hypothesis yields the values (0.17, 0.33, 0.67), which can be interpreted as follows: 


e 0.17: There is a 17% probability that the negation of the hypothesis is true. This means there is a rela- 
tively low likelihood that excluding nursing procedures and interprofessional approaches from medical 
education would improve teamwork, communication, clinical competence, and patient care outcomes. 

e 0.33: There is a 33% indeterminacy, indicating some uncertainty about the validity of the negated hy- 
pothesis. This mirrors the uncertainty present in the original hypothesis. 

e 0.67: There is a 67% probability that the negation of the hypothesis is false. This means there is a high 
likelihood that excluding nursing procedures and interprofessional approaches from medical education 
would not improve, or might even harm, teamwork, communication, clinical competence, and patient 
care outcomes. 
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Neutrosophic Probabilities and their Negations 


@@m Hypothesis 
@@— Negation 


0.77 
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0.4F 


Values 


0.3F 


0.2F 


0.1f 


0.0 


Truth Indeterminacy Falsehood 


Figure 3: Neutrosophic Probabilities and Their Negations [28]. 


The results of the neutrosophic probabilistic hypothesis analysis suggest a strong likelihood that incorporating 
nursing procedures and interprofessional approaches into medical education has positive effects on important clin- 
ical and educational outcomes[54]. However, the presence of indeterminacy highlights the need for further re- 
search and consideration of contextual factors to fully validate these findings. The high falsity value for the negated 
hypothesis reinforces the positive impact of these educational approaches. 


The Consensus Meter can be considered a sentiment analysis tool for scientific statements. This type of tool uses 
language models to classify and summarize responses to specific questions, providing an aggregated view of sci- 
entific opinion on a given topic. However, it has limitations, including the potential for incorrect classifications 
about 10% of the time and missing specific nuances of the original question. Additionally, it does not assess re- 
search quality and only includes a snapshot of available studies, not all existing research. Future research will 
explore the utilization of alternative sentiment analysis methods [55]. 


4. Conclusion 


The assessment of the interdisciplinary influence in the field of general medicine, through the utilization 
of sentiment analysis and plithogenic statistics, uncovers noteworthy observations. An analysis of the sentiments 
expressed by authors towards cited works can be achieved through sentiment analysis of scientific citations. On 
the other hand, plithogenic probability takes into account multiple variables that have different levels of truth, 
indeterminacy, and falsity. The findings of this study suggest that incorporating nursing procedures and interpro- 
fessional approaches into medical education is likely to enhance teamwork, communication, clinical competence, 
and patient care outcomes. These conclusions are supported by a neutrosophic probabilistic hypothesis, which 
indicates a high probability of truth (0.67), some uncertainty (0.33), and a low probability of falsehood (0.17). 

Future research will prioritize the utilization of alternative sentiment analysis tools for scientific inquiries 
or hypotheses. Furthermore, it would entail utilizing the concept of fallibility in hypotheses with multivalued logics 
of Smarandache in various situations. 
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